The remarkable enlargement of the spleen in so-called Banti's syndrome has been a puzzling problem since Banti's original description. 1 The causative factor of splenomegaly was sought in the effect of some unknown toxic substance in the early stage of investigation, as in the report of Durr.2 However, since clinical measurement of portal pressure was introduced into the study,3,4 the finding of constantly elevated portal pressure in this syndrome led to the conclusion that the splenic tumor was nothing but an expression of portal hypertension, which was produced in the majority of cases by some intrahepatic obstruction of portal veins.
This concept of Banti's syndrome, although it is now generally accepted, is not yet in every respect satisfactory in the interpretation of conspicuous splenomegaly. Simple obstruction of the portal or lienal vein due to thrombosis or malignant tumors does not usually induce a splenic tumor comparable to one observed in cases of this syndrome. This may be partly due to the difference in the duration of portal hypertension. However, a more serious difficulty in the interpretation is the direct effect of simple passive congestion. Long sustained passive congestion of an organ would bring about 'cyanotic atrophy' of the organ, as was once pointed out by Jager.5 If elevated portal pressure itself were the direct cause of splenomegaly, histological examination of the spleen would reveal dilated sinuses and fibrosis of the splenic cords without increase in the consti tuent elements of splenic tissues.
In reality, this is by no means the case. Seki6 reported in his histometrical study that the total quantity of the splenic cord was distinctly increased in the Banti spleen. The sinus-like structures predominant in the spleen were not the pre existing sinuses, but they developed by progressive subdivision from the splenic cord. This finding also presupposes remarkable 'growth' of the splenic cord on account of some proliferative changes of the structure in the Banti spleen.
It would be difficult to expect that the growth of an organ could ensue from simple passive congestion.
It is possible only when the blood flow of the organ is increased.
In 1910, Thoma7 stated that the mean blood flow of an artery could be expressed by a function of its radius.
His opinion was supported by Suwa et al.,8 who confirmed a regular relation between the blood flow and arterial radius by means of their measurements on arterial casts. If the mean blood flow of an arterial branch is Q and the radius of the branch r, the relation is expressed by: 
RESULTS

1) The radius of the splenic arterial trunk
The results of estimation are presented in Table 1 , together with splenic weight. It is evident that the growth of the splenic artery or an increase in arterial radius is observed only in Banti's syndrome.
Consequently, if the mean blood flow of the spleen is calculated from Q=qrn, increase in blood flow is expected in the Banti spleen, but not in the spleens of other diseases. The result is demonstrated in Fig. 1 . The increase in the estimated blood flow in the Banti spleen is really remarkable and can surpass 4 times the normal value. Not only in Banti's syndrome but also in other diseases examined in the present study, the splenic weight is more or less increased.
Particularly in chronic myelogenous leukemia splenomegaly is conspicuous, and the splenic weight exceeds 1,000g in one of the cases.
However, the splenic artery does not exhibit the slightest tendency toward growth.
The estimated blood flow per unit splenic weight in a number of with the increase in splenic weight, the latter must be proportional to the 2.7th power of the radius of the splenic arterial trunk, or the radius would be proportional to the 0.37th power of the splenic weight, 0.37 being the reciprocal of 2.7. In Fig. 3 the weight of the normal and Banti spleens is plotted on the abscissa of a double logarithmic coordinate system against the radius of the splenic arterial trunk on the ordinate. The regression coefficient is approximately 0.19, which is distinctly lower than 0.37. The difference is statistically significant at 0.1% level. The weight of the Banti spleen may exceed 1,000g or may be equal to about 10 times the normal value, whereas predicted blood flow hardly attains 5 times the normal. Fig. 4 demonstrates the calculated blood flow of the total spleen in ex amined diseases and Fig. 5 shows that per unit splenic weight.
2) Geometrical configuration and blood pressure gradient of splenic artery
The distinct growth of the splenic arterial trunk in Banti's syndrome suggests an increased splenic blood flow . Because effective arteriovenous blood pressure difference is smaller in the syndrome than in normal spleni c circulation as a result of elevated portal pressure, there must be a reduction of re sistance to blood flow in Fig. 3 . The correlation of splenic weight and the radius of the splenic artery is demonstrated on a double-logarithmic coordinate system. A linear regression is observed.
(1) represents the regression line determined from the measurements, while (2) has a regres sion coefficient 0.37, the reciprocal of 2.7. Note distinct difference in the slopes of (1) and (2). in which l is the anatomical length of the arterial branch, r its radius and r' the mean radius of erythrocytes. This is the correction of Haynes which is usually the splenic artery is presented together with that of the mesenteric artery for comparison. In both normal and Banti spleens the estimated blood pressure drop is essentially the same, whereas it is evidently smaller than that of the mesenteric artery. The result suggests a relatively high blood pressure level at the terminal of splenic artery in the splenic cord. Consequently , it may be assumed that the pathway from the arteriolar ending to the sinus through the splenic cord provides a considerably large resistance to blood flow in the normal spleen . In the Banti spleen, the blood pressure level at the arteriolar terminal is estimated as practically identical to that of the normal spleen . Consequently, the effective pressure difference between the arteriolar terminals and venous sinuses is reduced in this condition on account of elevated portal pressure . On the other hand, blood flow of an arteriole must be the same , for arteriolar radii at the arteriolar terminals are the same in both the normal and Banti spleens , because of the relation Q=qrn. This consideration leads inevitably to the conclusion that the resistance of the pathway from the arteriolar terminals to venous sinuses must be reduced in the Banti spleen as a result of some structural transformation of the splenic cord.
3) Arteriolar terminals in the Banti spleen Arteriolar terminals are most precisely identified on serial histological sections silver-impregnated for reticulin fibers. In all the examined cases of normal spleens, the arteriolar terminals were found always at the center of the splenic cords, the reticulin fibers surrounding arteriolar lumina fusing gradually with the 'Grenzfaser' of Koboth ,10 a system in the middle of the splenic cord constituted by a number of twisted strands of relatively thick reticulin fibers . An example is demonstrated in Figs. 7 and 8 . There was not a single confirmable communication the normal spleens. Of course it could not be completely ruled out that some ' exceptional' arterioles joined directly to the venous sinus. The total number of examined arteriolar terminals were inevitably limited, because it was a very time -consuming procedure to pursue the terminals by means of serial histological sections.
However 
DISCUSSION
Increased blood flow in the Banti spleen was predicted on the basis of histometrical determination of the radius of the splenic arterial trunk. It is of course desirable to assess the result with direct measurements of splenic blood flow in patients with Banti's syndrome. This was actually carried out by Koyama,ll who estimated the splenic blood flow by means of the dye dilution technique. Splenic blood flow was found really increased in the patients to about 4 times the normal value, which had been determined in abdominal surgical cases without noticeable disturbance of portal circulation. His result was in satisfactory agreement with the author's and afforded evidence for the validity of Thoma's law, when it is expressed in the form of Q=qrn, n being 2.7.
It is important in applying the expression to eliminate the effect of post mortem arterial constriction. Otherwise, the estimates of arterial radii are so dispersed that an adequate evaluation of blood flow is impossible. The author's histometrical method to reduce arterial transverse sections to a state of perfectly stretched internal elastic membrane seems to be satisfactory in this respect. A correction was applied for the shrinkage of arteries due to paraffin embedding. On the assumption that the shrinkage is uniform in all the examined cases, the results of histometrical determination were multiplied by 1.15.
Portal hypertension is certainly the most important, if not the single, causative factor of splenomegaly in Banti's syndrome. At the same time, it is really strange and difficult to interpret that the blood flow of an organ is increased and the organ 'grows' with increase in its structural elements as a result of simple passive congestion. Such an unusual outcome is not observed in other organs. It is only possible in the spleen, where passive congestion may induce a fundamental structural transformation of terminal blood pathways, especially when the splenic cord is subjected to proliferative changes on account of some inflammatory stimuli.
A histometrical approach to the problem was attempted by Seki.6 He found that the sinus-like structures or simply the sinuses in a unit splenic volume in portal hypertension including Banti's syndrome were not essentially different in their total quantity from that of the normal spleen, but their total length was larger and their mean sectional area smaller than those in normal spleens. He concluded that the sinuses in spleens of portal hypertension were not the pre-existing sinuses but developed by progressive subdivision of the splenic cords which had been also increased in quantity in the course of splenomegaly and supplied materials for the formation of sinus-like structures. This process is generally known as sinus hyperplasia and consists in its essential part in the transformation of the splenic cords into sinus-like structures. The newly formed sinuses invade and dis integrate the splenic cords. The normal sinus-splenic cord boundary is made by regular arrangenment of parallel reticulin fibers with endothelial lining and seems to provide a certain resistance to blood flow from the splenic cord to the sinus. This regular structure of the boundary disappears completely with the progress of sinus hyperplasia. The mean distance from the arteriolar terminals to the sinus is reduced, a part of the arterioles are exposed directly to the sinus and form arteriolosinal shunts. The presence of the shunts is naturally the most unambiguous anatomical expression of lowered peripheral resistance in splenic circulation. However , one has good reason to believe that the resistance is also reduced even in cases where the arterioles terminate in the splenic cord , because the splenic cord is narrowed and arteriolar terminals are situated nearer to the sinus than those in the normal spleen .
No distinct growth of the splenic artery was confirmed in the group of liver cirrhosis. This is most probably because splenomegaly was only moderat e in the cases of the present investigation . The relatively large scatter of the individual estimates of arterial radius obscured possible regression of arterial radius on th e splenic weight. the latter being distributed in a limited range . When the spleens of liver cirrhosis are pooled together with those of Banti's sy ndrome, the former j ust occupy the intermediate zone between the normal and Ba nti spleens without noticeably altering the pre-existing linear regression . The regression coefficient obtained from the pooled samples was almost identical to that determined with the normal and Banti spleens alone (Fig. 11 ). There is no histological evidence in dicating a pathological process in the spleens of liver cirrhosis distinct in its nature from that in the Banti spleens. Both conditions are to be interpreted in associa tion with elevated venous pressure. It is expected that a growth of the splenic artery would take place in 'splenomegalic' liver cirrhosis just in the same way as in the cases of Banti's syndrome in the present study. Obstruction of the splenic vein due to pancreatic cancer did not induce a growth of the splenic artery. Nor was there any histological sign of transformation in the structure of the splenic cord characterized by sinus hyperplasia. The results were most reasonably attributed to short duration of venous congestion. It is further noteworthy that there was no confirmable tendency toward a growth of splenic arterial trunks in splenomegaly not associated with portal hypertension. Even in extreme splenomegaly of chronic myelogenous leukemia, the splenic artery did not exhibit the slightest sign of growth. In such conditions arteriolar terminals were found always in the splenic cord, and no arteriolosinal shunt was histologically demonstrated. The structure of the sinus-splenic cord boundary is perfectly preserved, and the structural change of the splenic cord characterized by dense networks of increased reticulin fibers together with compact cellular population suggests a rather enhanced peripheral resistance in splenic circulation.
